Introduction
============

Lennox--Gastaut syndrome (LGS) is an epileptic encephalopathy associated with varying degrees of developmental delay.[@b1-tcrm-11-905] At the time of symptom onset, patients are usually younger than 8 years, and peak incidence is noted to be somewhere between ages 3 years and 5 years. The etiology varies from person to person. Brain damage or acquired destructive lesions may be the causative factor, as may a disorder of metabolism, a derangement of cortical development, or a genetic condition (eg, tuberous sclerosis).[@b2-tcrm-11-905] However, in up to one-third of patients no distinct etiology is identifiable.[@b3-tcrm-11-905] LGS itself is not associated with any specific biologic marker.[@b4-tcrm-11-905],[@b5-tcrm-11-905] Cognitive decline is common, and tends to increase with time, making participation in activities of daily living difficult.[@b2-tcrm-11-905],[@b3-tcrm-11-905]

Patients with LGS experience a multitude of seizure types that are notoriously difficult to manage. It is estimated that between 1% and 10% of childhood epilepsies are a result of this syndrome.[@b6-tcrm-11-905] Previous data have suggested that only approximately 10% of LGS patients have seizures that are fully controlled with medication therapy.[@b7-tcrm-11-905] Seizure types vary from patient to patient, but the most commonly observed include tonic, atypical absence, and atonic (drop seizures \[DS\]), the latter of which is responsible for the elevated rate of injury noted in patients with this diagnosis.[@b7-tcrm-11-905] The mortality rate for patients with LGS is between 4% and 7% before the age of 11 years.[@b8-tcrm-11-905]--[@b10-tcrm-11-905] Accidents stemming from neurologic causes, including DS, often contribute to patient death.[@b11-tcrm-11-905]

Treatment of LGS-associated seizures
====================================

Most antiepileptic medications have been employed for the treatment of LGS-associated seizures at one time or another owing to the difficulty in gaining their control.[@b5-tcrm-11-905] Valproic acid, though not approved by the US Food and Drug Administration (FDA) for use in LGS, has traditionally been a favored medication as it possesses a broad spectrum of activity.[@b12-tcrm-11-905],[@b13-tcrm-11-905] Agents that have been granted FDA approval for the treatment of epilepsy in LGS include felbamate, lamotrigine, rufinamide, topiramate, and, most recently, clobazam.[@b14-tcrm-11-905] The side-effect profiles of many of these medications have somewhat limited their use. For instance, when felbamate was linked to elevated rates of aplastic anemia and liver toxicity, the number of patients receiving the drug declined by a factor of 10.[@b15-tcrm-11-905],[@b16-tcrm-11-905] Lamotrigine has been linked to elevated rates of life-threatening rash (eg, Stevens--Johnson syndrome and toxic epidermal necrolysis), with incidence in children noted to be higher than that in adults.[@b17-tcrm-11-905] Topiramate is often linked to psychomotor slowing as well as weight loss.[@b18-tcrm-11-905] Though no medication is without the potential for negative side effects, an efficacious medication with a high degree of acceptability is a welcome addition to the LGS drug arsenal. Clobazam appears to fit this profile.

A Medline search was conducted to identify recent clinical studies of clobazam (particularly those utilized by the FDA to determine eligibility for approval for use in LGS). This was supplemented with additional articles obtained from online sources and information provided by the FDA and manufacturers.

Clobazam
========

Benzodiazepines have been used for decades in the treatment of many ailments including anxiety, insomnia, panic disorders, alcohol withdrawal, epilepsy/status epilepticus, and spasticity, and also for sedation.[@b19-tcrm-11-905] Since its first approval in 1970 for the treatment of anxiety in Australia, clobazam has been used in countries around the world (known by the brand names Frisium^®^ and Urbanol^®^ outside the United States) both as a treatment for epilepsy and as an anxiolytic.[@b20-tcrm-11-905] The drug was originally granted orphan drug status in the United States in December 2008. Subsequently, in October 2011, it was approved for use as an adjunctive treatment of LGS in patients 2 years of age and older under the brand name Onfi^®^ (Lundbeck, Deerfield, IL, USA).[@b5-tcrm-11-905] Clobazam is a member of the benzodiazepine class of medications, though it is structurally different from its marketed counterparts. While other benzodiazepines have nitrogen atoms in the 1 and 4 positions on the heterocyclic ring characteristic of the class, clobazam has nitrogen at the 1 and 5 positions.[@b21-tcrm-11-905] The medication was specifically developed in 1966 with the intent that it would have better efficacy than traditional benzodiazepines with fewer negative side effects related to differences in receptor affinity.[@b22-tcrm-11-905],[@b23-tcrm-11-905]

Members of the benzodiazepine class bind to post-synaptic γ-aminobutyric acid type A (GABA~A~) receptors in a noncompetitive manner. Unlike 1,4 benzodiazepines, which tend to be nonselective full receptor agonists, clobazam is believed to be a partial agonist.[@b19-tcrm-11-905],[@b24-tcrm-11-905] The drug demonstrates lower affinity for the GABA~A~ subunits that facilitate sedation.[@b25-tcrm-11-905] Stimulation of inhibitory GABA~A~ receptors by clobazam results in more rapid opening of chloride channels and enhancement of the inward current, which ultimately results in membrane hyperpolarization. Clobazam is also believed to play a role in the upregulation of GABA transporters (GAT) 1 and 3.[@b26-tcrm-11-905]

Efficacy
========

The efficacy of clobazam has been demonstrated and well documented. A review of 20 previously reported studies (completed before 2007) evaluating clobazam use in more than 300 patients with LGS demonstrated a cumulative reduction of \>50% in the number of seizures experienced in 56.3% of those enrolled.[@b27-tcrm-11-905] The best efficacy was noted in decreasing the frequency of DS and myoclonic seizures. Prior to clobazam's approval for the treatment of LGS in patients residing in the United States, additional studies were undertaken to satisfy FDA requirements.

A randomized, double-blind, dose-ranging Phase II study (study OV-1002) of 68 LGS patients between the ages of 2 years and 26 years was undertaken to evaluate the change in the number of DS per week during the maintenance period (the primary endpoint) as compared to baseline ([Table 1](#t1-tcrm-11-905){ref-type="table"}).[@b7-tcrm-11-905] For the purposes of this study, DS were defined as seizures that would likely have resulted in a fall without support. All patients experienced seizure onset prior to the age of 11 years, and were on up to three additional therapies for seizure control. The baseline rate of seizure activity was recorded during a 4-week period, which was followed by a 3-week dose titration. The final dose achieved was continued for additional 4 weeks (the maintenance period), after which the patients underwent a 3-week taper to drug discontinuation or enrollment in an open-label extension study. Participants were randomized into either a low-dose (0.25 mg/kg/day, maximum 5 mg twice daily) or high-dose (1 mg/kg/day, maximum 20 mg twice daily) cohort. For those individuals who were enrolled in the low-dose group who did not weigh enough to qualify for twice-daily administration, placebo was administered in place of the second dose. The efficacy analysis did not include seven of the enrollees, as there were no data available for the maintenance period.

Individuals randomized into the low-dose group reported a percent change in DS frequency compared to baseline of 12%±122% (5--661 seizures per week vs 0--470 seizures per week, *P*=0.0162). Those enrolled in the high-dose group reported a decrease of 85%±16.8% (8--924 seizures per week vs 0--198 seizures per week, *P*\<0.0001). There was a significant difference between the high- and low-dose groups (*P*=0.0001), with all patients in the former achieving a minimum 40% decrease in DS activity. Patients were further stratified into groups based on their individual response to clobazam therapy. Eighty-nine percent vs 56% of patients in the high- and low-dose groups experienced a minimum 25% decrease in DS (*P*=0.0025). A decrease in DS of 50% or greater was experienced by 83% of patients in the high-dose group and 38% in the low-dose group (*P*=0.0001), and a 75% or greater decrease was demonstrated by 67% and 25% of patients in the high- and low-dose groups, respectively (*P*=0.0006). A nonsignificant difference in the number of patients who achieved seizure freedom in the high-dose (22%) and low-dose (6%) groups was reported (*P*=0.0629). Changes in non-DS seizures were also evaluated. A decrease of 9%±92% in seizure activity was demonstrated by individuals in the low-dose cohort, compared to a decrease of 59%±55% in the high-dose cohort vs baseline (*P*=0.1466 and *P*\<0.0001, respectively). The difference between the high- and low-dose groups was significant (*P*=0.0222).

Study OV-1012 (also known as the CONTAIN trial) is a double-blind, placebo-controlled Phase III efficacy and safety study designed to evaluate the percent change in average weekly DS with clobazam compared to baseline (primary outcome) as well as the percent change in non-DS and total seizures (secondary outcomes).[@b28-tcrm-11-905] Two-hundred and thirty-eight patients between the ages of 2 years and 60 years (mean 12.5 years) who experienced the onset of LGS prior to the age of 11 years were randomized to receive either placebo, or clobazam stratified into low-dose (0.25 mg/kg/day, maximum 10 mg/day), medium-dose (0.5 mg/kg/day, maximum 20 mg/day), or high-dose (1 mg/kg/day, maximum 40 mg/day) groups. Total daily doses were administered in divided doses in the morning and evening. The study design included a 4-week baseline period, 3 weeks of titration, and a 12-week maintenance period. When the trial was initiated, patients were allowed to discontinue treatment and transition into an open-label extension trial before completion of OV-1012. This led to multiple premature withdrawals in the initial weeks of the study (23 individuals transitioned to the open-label trial). A protocol revision was implemented after the first 81 patients had already been enrolled, disallowing additional premature discontinuations for this purpose.

Compared to baseline, DS occurrence decreased by 12.1%, 41.2%, 49.4%, and 68.3% in the placebo, low-, medium-, and high-dose groups, respectively. All of the active treatment groups achieved significant changes in DS frequency (*P*=0.0120 \[low-dose\], *P*=0.0015 \[medium-dose\], and *P*\<0.0001 \[high-dose\]), clearly demonstrating a linear trend toward better efficacy with increasing doses. This trend was further demonstrated by taking the 50% responder rate into account, as DS frequency decreased by 43.4%, 58.6%, and 77.6% in the low-, medium-, and high-dose groups. However, only medium (*P*=0.0159) and high (*P*\<0.0001) doses resulted in significant changes compared to baseline. Two patients receiving placebo became DS-free compared to four, seven, and 12 patients in the low-, medium-, and high-dose groups, the latter representing nearly a quarter of all patients receiving high-dose clobazam therapy. When considering non-DS seizures experienced per week, only the high-dose group demonstrated a mean percent decrease (40%, nonsignificant). Regarding total seizures (DS and non-DS), all three doses of clobazam resulted in significant decreases in frequency compared to baseline. The demonstrated mean decreases in total seizure frequency were 34.8% (low dose, *P*=0.0414), 45.3% (medium dose, *P*=0.0044), and 65.3% (high dose, *P*\<0.0001). Those receiving placebo did not demonstrate a decrease in total seizures that was significant vs baseline (9.3%). It should be noted that this study was not designed to evaluate the efficacy of clobazam for the control of non-DS, and, because no baseline rate of non-DS seizures was specified for inclusion, these cohorts were smaller.

The results of the extension trial (OV-1004) that enrolled patients from OV-1002 and OV-1012 have now been published.[@b29-tcrm-11-905],[@b30-tcrm-11-905] This extension study provides much-needed long-term clobazam data in patients with LGS. Interim data for patients enrolled from December 2005 through June 2010 was published in 2012, and the final results were published in 2014.[@b29-tcrm-11-905],[@b30-tcrm-11-905] The study itself concluded in March 2012. Patients who enrolled in the extension study (n=267) had to do so within 14 days of receiving their final clobazam doses in the other studies. For those individuals who enrolled at centers outside the United States (n=60), participation was limited to 24 months, while those enrolled in the United States were allowed to continue in the trial up to the point when clobazam became commercially available (some for as long as 6 years). In comparison to the earlier trials, patients enrolled in OV-1004 had their clobazam doses adjusted according to clinical response and tolerability. Doses of 2 mg/kg (divided into two daily doses) were allowed, though no daily dose could exceed 80 mg. The majority of those enrolled received doses between 0.375 and 1.25 mg/kg/day. Concomitant treatments (including vagus nerve stimulation \[VNS\] and a ketogenic diet) were allowed and adjustable as a patient's circumstance dictated. The most commonly utilized medications were valproic acid (52%), lamotrigine (36%), levetiracetam (36%), and topiramate (30%). The primary outcome remained consistent with the previous studies (percent decrease in average weekly DS vs baseline).

The median decrease in DS activity reported in the interim dataset, irrespective of the total duration of clobazam therapy, was 71.1% at the 3-month data collection point and 91.6% at the 24-month point.[@b29-tcrm-11-905] The number of total seizures recorded up to those time points demonstrated a decrease of 64.8% and 81.5% vs baseline. These decreases remained consistent for the entire study duration with a mean percent decrease in weekly DS and total seizures reported to be between 85%--91% and 85%, respectively, at study conclusion.[@b30-tcrm-11-905] The interim results demonstrated that 61.5% and 79.5% of enrollees achieved the 50% responder rate threshold for DS at 3 months and 24 months, respectively. For total seizures, the responder rates were 61.5% and 70.3% at the same time points.[@b30-tcrm-11-905] In total, over a 5-year time period, between 62% and 69% of patients achieved at least a 75% reduction in weekly DS, while 50%--65% achieved reductions in total seizure activity of the same magnitude. Seizure freedom was achieved in 32% (DS only) and 18% (total seizures) of patients.[@b30-tcrm-11-905] The extension study proved that patients who were initially responders tended to remain responders with long-term clobazam exposure.

Due to the low prevalence of LGS and the challenges associated with conducting studies in children, there is a paucity of data with regard to head-to-head comparisons of medications used for the control of seizures in this population. A 2013 study utilizing a method for indirect comparison of antiepileptic agents used in the treatment of LGS was published in an attempt to fill this gap.[@b31-tcrm-11-905] Medications included in the analysis were clobazam, felbamate, lamotrigine, rufinamide, and topiramate. Utilizing Cohen's-*d* to provide a common metric by which to compare effects of the various treatment modalities, the authors evaluated data from 716 patients. Considering all cohorts, the highest overall effect size (0.8) was seen in studies utilizing high doses of clobazam. This was followed (in descending order) by lower doses of clobazam, rufinamide, topiramate, lamotrigine, and felbamate. Each of the medications produced an effect size \>0.2, indicating that the benefits of each were clinically relevant and detectable. When considering individual seizure types, clobazam's effect size remained highest for DS, tonic/atonic seizures, and total seizures. Rufinamide demonstrated similar efficacy for decreasing DS rates when compared to medium and high doses of clobazam. The odds of achieving the 50% responder rate threshold for DS for clobazam was double that of lamotrigine, topiramate, and rufinamide, though only the difference between clobazam and lamotrigine reached significance. There are understandably several limitations with regard to this study, the most obvious being differences in study designs and measurement of primary outcomes. It should also be noted that, with the exception of clobazam, all of the other drugs were studied using dose ranges as opposed to specific, defined doses.[@b31-tcrm-11-905]

One other study was undertaken to determine whether a specific concomitant treatment altered outcomes with cloba-zam. A post hoc analysis of OV-1012 and OV-1004 aimed to determine whether exposure to VNS had an effect on clobazam efficacy.[@b32-tcrm-11-905] Consideration was given to the groups with the highest number of DS (median 86--1,007 \[OV-1012\], median 111--1,147 \[OV-1004\]) and total seizures (median 125--1,465 \[OV-1012\], median 159--1,413 \[OV-1004\]). Regardless of the presence of VNS therapy, weekly seizures decreased significantly compared to placebo (*P*\<0.01). Though the number of patients evaluated was small (54 and 38 in the placebo and active treatment groups, respectively), the authors concluded that clobazam efficacy did not appear to be altered in the presence of VNS.

Potential for tolerance
=======================

A fair amount of attention has been given to the possibility that extended clobazam use results in tolerance to the drug's effects on seizure activity. Gastaut and Low claimed that in one-third of patients receiving clobazam, its positive effects on seizure activity are exhausted within a matter of weeks.[@b33-tcrm-11-905] Studies have reported tolerance rates as high as 87%.[@b12-tcrm-11-905] There are several challenges associated with determining whether a return of seizure activity is in fact due to tolerance. First, no universal definition of tolerance to antiepileptic medication has been put forth and accepted. In addition, the possibility of worsening disease needs to be taken into account. The possibility that coadministered medications may affect a drug's efficacy also exists.[@b12-tcrm-11-905],[@b21-tcrm-11-905] Data generated by both OV-1012, and in particular, OV-1004 do not seem to support the idea that tolerance to clobazam merits much concern.[@b20-tcrm-11-905] Both studies boast high rates of participant retention.[@b28-tcrm-11-905],[@b30-tcrm-11-905] In OV-1012, tolerance was defined as a return to the previously established baseline seizure rate after initially reaching a response rate of at least 50%.[@b28-tcrm-11-905] The number of patients meeting this parameter was low, and there was no difference compared to placebo (5.3% vs 5.6%, respectively). For the study OV-1004, the mean dosages through the 5th year of the study increased by a mere 8%.[@b30-tcrm-11-905] The stability of the mean dose and the fact that the response rate did not change are evidence that tolerance to clobazam efficacy was not a major factor. In addition, only 6% of patients stopped the drug citing a lack of efficacy as the reason, and 15% of patients were able to discontinue concomitant antiepileptic therapies and maintain seizure control on clobazam monotherapy.[@b30-tcrm-11-905]

Pharmacokinetics and drug interactions
======================================

Clobazam displays linear, dosage-independent pharma-cokinetics.[@b34-tcrm-11-905] The drug's bioavailability is high at approximately 87%, and peak concentrations are achieved at median time of 1 hour (range: 1--4 hours).[@b34-tcrm-11-905],[@b35-tcrm-11-905] Metabolism occurs mainly via the cytochrome P450 (CYP450) enzymes. Dem-ethylation by CYP3A4 is the primary metabolic pathway for clobazam, with CYP2C19 playing a role as well.[@b35-tcrm-11-905] Metabolism of clobazam results in the formation of N-desmethylclobazam (N-CLB), an active metabolite with antiepileptic potency approximately equivalent to that of diazepam but less than its parent compound.[@b36-tcrm-11-905] This metabolite is formed, slowly reaching *T*~max~ in approximately 60 hours.[@b35-tcrm-11-905] The half-life (*t*~1/2~) of clobazam appears to be shortened in patients experiencing seizures. In healthy adults, the *t*~1/2~ is approximately 24 hours compared to 12 hours in adults with epilepsy.[@b37-tcrm-11-905] Children with epilepsy display a *t*~1/2~ of approximately 16 hours. The N-CLB *t*~1/2~ is also affected by a diagnosis of epilepsy (49 hours in epileptic adults vs 57 hours in healthy volunteers).[@b37-tcrm-11-905] There are no data demonstrating significant alterations based on patient race, sex, age, weight, or renal function. There is some evidence that CYP2C19 polymorphisms may increase both the concentration of clobazam and the concentration of N-CLB. However, in a group of Japanese patients identified as either poor or extensive metabolizers, no differences in the rate of adverse events were noted in comparison to individuals displaying normal rates of clobazam and N-CLB metabolism.[@b38-tcrm-11-905]

Neither clobazam nor N-CLB appear to induce or inhibit CYP450 enzymes to any significant extent.[@b34-tcrm-11-905] However, the manufacturer recommends the use of nonhormonal contraceptive additions to existing hormonal contraceptives owing to a weak induction of CYP3A4.[@b39-tcrm-11-905] The manufacturer also suggests that caution be exercised when clobazam in given with drugs metabolized by CYP2D6, stating that the drug is an inhibitor. However, no specific changes are suggested, and no drugs are mentioned by name.[@b39-tcrm-11-905] Drug interactions between clobazam and other members of the antiepileptic drug class appear to be insignificant, including those with other substrates of CYP2C19 (carbamazepine, phenytoin, and phenobarbital).[@b35-tcrm-11-905],[@b40-tcrm-11-905] An analysis of seven clinical trials also demonstrated that coadministration of clobazam and valproic acid resulted in no significant changes to the pharmacokinetic profile of either medication.[@b35-tcrm-11-905] Similarly, lamotrigine pharmacokinetics have not been found to have an effect on, or be affected by, clobazam.[@b28-tcrm-11-905]

A prospective trial that enrolled 36 patients was completed with the goal of determining whether interactions with clobazam were likely when patients were given concurrent ketoconazole (an inhibitor of CYP3A4 and CYP2C19) or omeprazole (a CYP2C19 inhibitor).[@b35-tcrm-11-905] Blood samples were drawn for analysis at nine time points over a 22-day time period. The administration of ketoconazole resulted in a delay to maximum clobazam concentration of 1--2 hours. However, the mean *t*~1/2~ remained stable. The time to N-CLB maximum concentration was lengthened by approximately 24 hours, but no changes were noted with regard to the maximum concentration achieved. For omeprazole, a slight increase in the *t*~1/2~ of clobazam (32 hours vs 37 hours) was observed, as well as a 15% increase in the maximum N-CLB concentration. None of the pharmacokinetic changes with either ketoconazole or omeprazole was determined to be of substantial clinical significance.[@b35-tcrm-11-905] Even so, the drug labeling for clobazam suggests that consideration be given to clobazam dose adjustments when administered with these medications, particularly because coadministration may result in elevated concentrations of N-CLB.[@b39-tcrm-11-905]

Another 18 individuals, all healthy males without LGS, were administered a drug cocktail containing 4 mg of the benzodiazepine midazolam, 200 mg of caffeine, 500 mg of tolbutamide, and 30 mg of dextromethorphan to study the effects of clobazam on CYP3A4, CYP1A2, CYP2C9, and CYP2D6, respectively.[@b35-tcrm-11-905] As with the previous study, blood samples were drawn at various time intervals at baseline and post-administration of the medications. Midazolam concentrations were found to be lowered by clobazam coadministration (27%), while its metabolite, 1-hydroxymidazolam, demonstrated a fourfold increase in concentration. For dextromethorphan, the area under the concentration--time curve (extrapolated to infinity, AUC~0--∞~) increased by 95%, and the maximum serum concentration was 59% higher than at baseline with concomitant clobazam. No clinically meaningful adverse events were observed with these changes, though the authors concede that dosage adjustment may be required when clobazam and CYP2D6 substrates are given simultaneously, which is consistent with product labeling.[@b39-tcrm-11-905] No significant changes were noted with caffeine or with tolbutamide.

Finally, the same authors reported the results of a population pharmacokinetics analysis of seven studies, two of which were conducted in an LGS population.[@b35-tcrm-11-905] The total number of individuals included in the analysis was 171. Clobazam pharmacokinetics were not significantly affected by any antiepileptic medication, including coadministration with CYP3A4 inducers (phenobarbital, phenytoin, and carbamazepine), CYP2C9 inducers (valproic acid, phenobarbital, phenytoin, and carbamazepine), or CYP2C9 inhibitors (felbamate, oxcarbazepine). When patients with LGS were considered separately, pharmacokinetic changes remained insignificant.

Dosing
======

Dosing of clobazam is based on body weight, with those individuals weighing ≤30 kg starting with a dose of 5 mg once daily, with dose escalation occurring at weekly intervals to a maximum of 20 mg/day in divided doses. Individuals who weigh \>30 kg may start with 10 mg/day in divided doses, which may be titrated to a maximum of 40 mg/day. More rapid titration is not advised due to the long *t*~1/2~ of the drug and the corresponding length of time that must pass in order for steady state to be reached.

Safety and tolerability
=======================

Adverse events believed to be medication-related, which occurred in at least 5% of patients enrolled in OV-1002, included somnolence, lethargy, sedation, salivary hyper-secretion, constipation, aggressive behavior, hypomania, and insomnia.[@b7-tcrm-11-905] Treatment-emergent adverse events were experienced with equal frequency in both the low- and high-dose groups (84% vs 86%). Additionally, there was no difference in the stratification of adverse event severity between the two groups. Patients in the low-dose group discontinued therapy due to convulsions, aggression, and sedation that led to a decrease in oral intake and drooling. In the high-dose group, two patients stopped therapy due to somnolence. Chorea, defiant behavior, encephalopathy, and sedation were responsible for the withdrawal of an additional one patient in each group. Interestingly, four of the patients who withdrew from OV-1002 due to adverse events opted into the extension study. Four patients were reported to have experienced serious adverse events (severe aspiration with questionable association with clobazam use, sleep apnea, constipation + pyrexia, and severe respiratory distress possibly related to tonsillar hypertrophy). Each of these events resolved. In addition, nine new seizure types were identified in patients taking clobazam, but a relationship to the medication could not be definitively established.

In OV-1012, 67.8%, 72.4%, 88.7%, and 76.3% of individuals in the placebo, low-, medium-, and high-dose groups experienced one or more adverse events during the trial.[@b28-tcrm-11-905] The majority of these events were reported to be of mild or moderate severity. Specific adverse events experienced by at least 10% of those enrolled included somnolence, pyrexia, lethargy, drooling, and constipation. Of those, only somnolence and drooling appeared to be dose-related. Twenty-nine individuals had their clobazam dose decreased due to adverse events, and ten (one in the low-dose group, four in the medium-dose group, and five in the high-dose group) were among those who discontinued their participation in the study. Discontinuations due to adverse events totaled 27 (two in the placebo group, and four, eight and 13 in the low-, medium-, and high-dose groups, respectively). Specific adverse events that led to at least two individuals withdrawing from the study included lethargy, somnolence, aggressive behavior, ataxia, insomnia, and fatigue. There were two serious adverse events related to seizure activity. The first occurred in a patient randomized to the medium-dose group (myoclonic seizures), and the second was a tonic--clonic seizure (defined as "grand mal") in an individual receiving high-dose clobazam. Sixteen additional serious adverse events were reported in nine patients. In each of these cases (two, three, six, and five instances in the placebo, low-, medium-, and high-dose groups, respectively), the recorded event was pneumonia. Thrombocytopenia and an increased eosinophil count, possibly related to drug administration, were identified during the study, though the number of patients in whom this occurred was not specified. There were no deaths, and no patients displayed an exacerbation of seizure activity during the end-of-study drug taper.

Results from the extension trial showed that the primary reason for study discontinuation was request from the patient or caregiver.[@b30-tcrm-11-905] This is not unexpected due to the fact that patients who experienced adverse events significant enough to lead to discontinuation would likely have experienced them during their initial study involvement, and would have been unlikely to sign on for additional medication exposure. Even so, 60% of participants reported experiencing one or more adverse events while enrolled. The most commonly reported events occurring in at least 10% of patients included upper respiratory tract infections, pneumonia, somnolence, falls, otitis media, urinary tract infections, constipation, convulsions, sinusitis, insomnia, nasopharyngitis, viral infections, and lethargy. As with the Phase III study, the majority of events were mild or moderate in severity. The severe events that were reported included pneumonia (non-aspiration, 6%), seizure-related events (status epilepticus and convulsions, each experienced by 3% of participants), dehydration (2%), and aspiration pneumonia (2%). Eighteen enrollees discontinued participation due to adverse events. Over the course of the study, ten deaths were recorded, nine of which were classified as not likely to be related to clobazam therapy. The etiology of those deaths included three cases of pneumonia, one case of pneumonia with acute respiratory distress syndrome, one case of pneumonia with cardiac arrest, one case of increasing seizure activity in conjunction with atelectasis and respiratory failure, and one case of acute respiratory distress syndrome in a patient with a hematoma in the leg. The one case that was deemed possibly related to clobazam administration was documented as a convulsion. The causes of two of the deaths were not reported.

A summary report of adverse events related to drug discontinuation in clobazam trials conducted in patients with LGS was published in 2014.[@b41-tcrm-11-905] In Phase I trials, study discontinuation was reported as being associated with headache, insomnia, tremor, and anxiety in 14%, 12.6%, 10.1%, and 8.7% of patients, respectively. All of these events were classified as being mild to moderate in severity, and each resolved completely. In these trials, clobazam was typically discontinued abruptly rather than being tapered over an extended time period. As such, it has been hypothesized that the symptoms may have been related to too rapid withdrawal of medication, since 57% were reported within 7 days of drug discontinuation. In contrast, no withdrawal-related adverse events, including seizures, were reported in Phase II or III trials that included a drug taper as part of the protocol. These results are consistent with the known adverse events associated with rapid withdrawal of 1,4 benzodiazepines.[@b42-tcrm-11-905]--[@b44-tcrm-11-905]

Several small studies have been undertaken specifically to compare clobazam-related adverse events to those associated with other benzodiazepines, given the belief that clobazam demonstrates selectivity toward the GABA~A~ subunits that are responsible for anxiolytic and anticonvulsant effects rather than those that are associated with the sedative effects of the drug class.[@b45-tcrm-11-905] The first of these was a study of five healthy males to compare clobazam 20 mg with the 1,4 benzodiazepines chlordiazepoxide (20 mg) or diazepam (10 mg), or placebo.[@b46-tcrm-11-905] The study was a randomized, double-blind, four-period crossover study. Each medication was administered for 2 days followed by a 4-week washout before the next medication exposure. Adaptive tracking and reaction times were measured at several time points post-administration beginning at 30 minutes and ending at 9.5 hours. Diazepam administration resulted in deficits in adaptive tracking at 30 minutes and 2.5 hours, while clobazam and chlordiazepoxide administration did not produce a negative effect. Reaction time was impaired by both diazepam and chlordiazepoxide, whereas clobazam did not differ from placebo at any time point. A second small study with 24 healthy enrollees measured reaction time to use the brake while driving.[@b47-tcrm-11-905]

Administration of placebo, clobazam 20 mg/day, or diazepam 10 mg/day was completed for a total of 3 days. Individuals receiving diazepam had an extended time to react in traffic situations compared to clobazam and placebo (*P*\<0.01). In addition, the volunteers reported increased lethargy only after receiving diazepam. The final benzodiazepine comparison measured various cognitive and psychomotor attributes in ten healthy individuals receiving clobazam 20 mg or 30 mg, and lorazepam 2 mg or 3 mg.[@b48-tcrm-11-905] Individuals receiving lorazepam experienced significant differences in attention, concentration, motor speed, reaction accuracy, mood, and psychomotor activity (which was increased) in comparison to clobazam. Anterograde amnesia was also worsened by lorazepam but not by clobazam.

Cost-effectiveness
==================

The cost-effectiveness of clobazam in LGS was studied using a trial-based economic model constructed to compare the medication with rufinamide, topiramate, and lamotrigine.[@b49-tcrm-11-905] The duration used for each therapy was determined by the data available in existing studies. The model itself was based on patient characteristics from OV-1012. Maximum daily doses for each drug were set at 45 mg/kg for rufinamide, 6 mg/kg for topiramate, and 5 mg/kg/day or 15 mg/kg/day for lamotrigine (the lower dose used for patients taking valproic acid due to the risk of Stevens--Johnson syndrome development). Utilizing a retrospective analysis of the available claims data from January 2009 to September 2010, the mean health care cost for seizures experienced by LGS patients requiring medical intervention was estimated to be \$5501 (2013 US dollars). The cost of medication therapy was estimated using the average doses that had been effective in clinical trials and calculating the corresponding wholesale acquisition cost utilizing 2013 dollars. Quality-adjusted life years (QALYs) gained with each medication was based on the reduction in DS categorized into groups (\<50%, 50%--75%, 76%--99%, or seizure freedom). The 3-month model demonstrated a higher number of QALYs gained with clobazam vs the other medications. The rate of seizure freedom with clobazam was 21.5% vs \<5% for the other three drugs. The mean decrease in DS was 64% with clobazam, 51% with rufinamide, 46% with topiramate, and 44% with lamotrigine. While the drug cost alone was significantly higher for clobazam (\$2017) compared to topiramate and lamotrigine (\$11 each), the overall cost of care with clobazam (\$30,147) was less than that associated with the care of patients receiving the other medications (\$35,378 for rufinamide, \$34,223 for topiramate, and \$34,970 for lamotrigine). The estimated cost per QALY for clobazam was \$73,300. In the 2-year model, clobazam and rufinamide were evaluated. DS reduction with clobazam was 53% associated with a total per-patient cost of \$177,068. For rufinamide, a lower rate of seizure reduction was reported (33%) at a cost of \$265,814 per patient. DS freedom was again higher with clobazam (26.7% vs 5.7%). Overall, due to inferior efficacy in controlling DS compared to clobazam, the other medications were all associated with higher overall medical costs. This remained true when the estimated number of DS requiring medical attention was set at 2.3% using data from a survey of physicians in the United Kingdom in conjunction with a claims database from the United States.[@b50-tcrm-11-905] At a lower threshold of 0.76%, topiramate would become the most cost-effective medication in the group.

A second study undertaken to evaluate the 2-year budgetary impact of adding clobazam therapy to other medications utilized in the treatment of LGS has been also completed.[@b51-tcrm-11-905] As with the previous study, the target population was modeled after the participants in OV-1012. Also, consistent with the previous study, the comparators were rufinamide, topiramate, and lamotrigine at the described target doses. Based on the midpoint of the estimated United States prevalence of LGS, the number of persons in the health care plan expected to be diagnosed was set at 0.4%.[@b52-tcrm-11-905],[@b53-tcrm-11-905] Utilizing data from OV-1004, the average number of DS experienced per month by each patient was assumed to be 132.[@b9-tcrm-11-905] All other parameters (estimated percent of DS medically attended, mean total cost, cost of medication) were consistent with the previous study.[@b49-tcrm-11-905] The addition of clobazam to the formulary saved the private payer \$98,059 in the first year and \$131,690 in the second year. The per-member, per-month cost savings (considering all enrollees) was calculated to be \$0.08 in year 1 and \$0.11 in year 2. These values were superior to the other therapies. Multiple scenario adjustments (assumption of maintained DS reduction with clobazam discontinuation, increases in DS reduction with other medications, dropping the number of medically treated DS and sequelae to 0.5%, and decreasing the number of eligible LGS patients in the health plan to 0.01%) did not change the superiority of cost savings associated with clobazam vs the other medications.

Summary
=======

Clobazam, though not a new medication, is the latest drug to be approved by the FDA for the treatment of seizures associated with LGS. No other medications approved by the FDA have demonstrated the degree of efficacy that has been noted with clobazam use (frequently \>50% reduction in DS). The decrease in DS with clobazam compared to other seizure types is particularly robust, and is primarily responsible for the cost-effectiveness of the drug since use is expected to result in fewer seizure-related injuries. Clobazam is less likely to be associated with the cognitive and psychomotor adverse events associated with 1,4 benzodiazepines due to differences in binding and receptor affinity. It is also less likely to be associated with life-threatening adverse reactions than some of its counterparts. Tolerance, though once a frequently discussed phenomenon with clobazam, appears to be of minimal concern given the long-term data that were made available from OV-1004. Because the LGS population is small, it is unlikely that a head-to-head medication trial will be conducted in this population. However, available data suggest that clobazam is at least as efficacious as other medications used in the treatment of LGS-related seizure activity, and in many cases, may be superior.
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###### 

Summary of recent Phase II and III studies evaluating the efficacy of clobazam in patients with seizures associated with Lennox--Gastaut syndrome

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                                                                            Design                                                                                                              Outcome measures                                                                                                                                      Results
  ------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------- ---------
  OV-1002[@b7-tcrm-11-905]                                                                         R, DB, DR                                                                                                           Primary: percent change in mean weekly DS vs baseline                                                                                                 n=68

  Phase II                                                                                         Secondary: percent change in mean weekly non-DS vs baseline                                                         Primary: 12%±122% change (low-dose, *P*=0.0162), and 85%±16.8% change (high-dose, *P*\<0.0001)                                                        

  Patients 2--60 years old\                                                                                                                                                                                            Secondary: 9%±92% change (low-dose, NS), and 59%±55% change (high-dose, *P*\<0.0001)                                                                  
  4-week baseline, 3-week titration, 4-week maintenance\                                                                                                                                                                                                                                                                                                                     
  0.25 mg/kg/day (low-dose) vs 1 mg/kg/day (high-dose)                                                                                                                                                                                                                                                                                                                       

  OV-1012 (CONTAIN)[@b28-tcrm-11-905]                                                              R, DB, DR, PC                                                                                                       Primary: percent change in mean weekly DS vs baseline                                                                                                 n=217

  Phase III                                                                                        Secondary: percent change in mean weekly non-DS vs baseline, and change in mean weekly total seizures vs baseline   Primary: 41.2% change (low-dose, *P*=0.012), 49.4% change (medium-dose, *P*=0.0015), 68.3% change (high-dose, *P*\<0.0001), and 12.1% (placebo, NS)   

  Patients 2--60 years old\                                                                                                                                                                                            Secondary: non-DS = all nonsignificant\                                                                                                               
  4-week baseline, 3-week titration, 12-week maintenance\                                                                                                                                                              Total seizures =34.8% change (low-dose, *P*=0.0414), 45.3% (medium-dose, *P*=0.0044), 65.3% (high-dose, *P*\<0.0001), and 9.3% (placebo, NS)          
  0.25 mg/kg/day (low-dose) vs 0.5 mg/kg/day (medium-dose) vs 1 mg/kg/day (high-dose) vs placebo                                                                                                                                                                                                                                                                             
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** R, randomized; DB, double blind; DR, dose ranging; DS, drop seizures; NS, nonsignificant; PC, placebo controlled.
